Background: Difficulties with affect regulation and impulse control have a strong influence on violence. The objective of this study was to determine whether baseline depression and impulsivity predict aggression and whether they predict differential response to antiaggressive treatment. This is important, as we lack knowledge as to the selection of antipsychotics for the treatment of aggression. Methods: Physically aggressive inpatients with schizophrenia who received an evaluation of depression and impulsivity at baseline were randomly assigned in a double-blind, parallel group, 12-week trial to clozapine, olanzapine, or haloperidol. Trait impulsivity was measured by the Barratt Impulsiveness Scale; depression by the Positive and Negative Syndrome Scale Depression factor. The number and severity of aggressive events, as measured by the Modified Overt Aggression Scale (MOAS), were the outcome measures. Results: Baseline depression and impulsivity predicted higher levels of aggression, as measured by the MOAS total score, over the 12-week treatment period across all 3 medication groups. In addition, there was a strong interaction effect between baseline depression/impulsivity and medication grouping in predicting MOAS score. In particular, when higher depression and impulsivity were present at baseline, patients on haloperidol presented with more aggression than patients on the other 3 medications. Conclusions: Depression and impulsivity are important predictors of aggression and of differential response to antiaggressive treatment. This is most likely due to the medications' dissimilar neurotransmitter profiles. By identifying patients who will respond better to a given medication, we will be able to develop individualized strategies for the treatment of violent behavior.
Introduction

Depression, Impulsivity, and Aggression
Difficulties with affect regulation and impulse control have a strong influence on violent behavior in diverse subject populations, including patients with schizophrenia. Both affect and impulsivity are important determinants of action, in general, as they are related to the initiation of action or the tendency to act.
1,2
Bleuler 3 emphasized the importance of "affectivity," which he defined as somatic and psychic manifestations of affect. He considered that "affectivity determines our actions" (p. 33). Individuals vulnerable to faulty regulation of negative emotion, including depression, are at risk for violence. 4 Aggressive behavior is common among persons with depressive symptoms, 5, 6 including patients with schizophrenia. 7 Van Praag and coauthors 8, 9 have emphasized the close connection between depression and aggression, which they attribute to an underlying serotonergic deficiency. They consider that this association lacks nosological specificity and exists in many different psychiatric disorders, including schizophrenia.
Impulsivity also plays a prominent part in violent behavior. 10 Furthermore, impulsivity and depression are related to each other. 11, 12 These associations are thought to be related to a disturbance in serotonergic neurotransmission. A link between violent behavior and central serotonin deficit, 13, 14 as well as a triple link between violent behavior, suicidal behavior, and serotonin deficit 15 has been demonstrated by using various measures of serotonin function. Such a deficit has also been linked to depression 16, 17 and to impulsivity. 18, 19 Thus, aggressive behaviors are often associated with dysregulation of emotion and impaired impulse control. These disturbances may be part of a broader syndrome that reflects an underlying serotonergic disturbance.
Antiaggressive Effects of the First-Generation and Second-Generation Antipsychotic Medications
Antipsychotic agents are commonly used for the control of aggression in patients with schizophrenia. Firstgeneration antipsychotics (FGAs) have been used for a long time to treat violent behavior in these patients; they have met with partial and inconsistent success. 20 The antiaggressive effects of the FGAs, such as haloperidol, have been attributed mostly to dopamine D2 antagonist activity, which results in a decrease in dopamine availability. 21 These antiaggressive effects are considered to be nonspecific and may be due to a general decrease in arousal. 22 Similarly, the positive relationship between dopamine levels and aggression may be explained through the effect of dopamine on general stimulus reactivity or arousal, 23, 24 or its ability to prevent fatigue, 25 rather than directly enhancing aggression.
Some studies, in both animals and humans, even indicate that there may be a negative association between dopaminergic activity and aggression. This seems to be particularly the case for animals or humans who are more severely or persistently aggressive. Thus, agents that enhance dopamine activity disrupt rather than enhance aggression in animals with extensive aggressive experience. [26] [27] [28] In some human studies, as well, a negative relationship has been reported between dopamine levels and aggression in subjects with a history of extensive violence. 18, 29 In contrast to the more limited neurotransmitter profile of the FGAs, the second-generation antipsychotic (SGAs) medications have binding affinity at multiple neurotransmitter binding sites, including serotonergic sites. [30] [31] [32] Olanzapine and clozapine, in particular, have much greater serotonergic "behavioral activity" than dopaminergic effects.
33
The SGAs are considered to have greater efficacy in treating violent behavior in patients with schizophrenia. [34] [35] [36] Their greater antiaggressive effects have been linked to their long-term serotonergic action, in particular for olanzapine and clozapine. 37 While the SGAs act as serotonin antagonists, their immediate effect being a decrease in available serotonin, there is evidence that chronic treatment with serotonin antagonists produces changes in the serotonin binding sites that are qualitatively and quantitatively similar to those produced by serotonin agonists. 38 Chronic treatment with clozapine has been reported to decrease serotonin turnover and increase its availability in the nucleus accumbens. 39 Given the fact that impulsivity and depression are strongly linked to aggression, we hypothesized that depression and impulsivity at baseline would predict aggression during the 12-week study period. Furthermore, given the different neurotransmitter profiles of the three study medications, clozapine, olanzapine, and haloperidol, we hypothesized that there would be a differential antiaggressive effect among these medications.
Methods
Subjects
The subjects were patients aged 18-60 with schizophrenia or schizoaffective disorder. Patients were required to have a confirmed episode of physical aggression during the present hospitalization and additional aggression, physical, verbal, or against property over a 2-week period following the initial incident. Research staff monitored subjects and ward documentation daily for such incidents. Patients were excluded if they had been hospitalized for more than a year; had a history of nonresponse or intolerance to clozapine, olanzapine, or haloperidol; or had received a depot antipsychotic in the prior 30 days. After complete description of the study to the subjects, written informed consent was obtained.
Design and Procedure
Patients meeting inclusion/exclusion criteria who signed informed consent were transferred to the research ward, so as to provide a uniform environment and to ensure close monitoring of aggressive incidents and of medication administration. The ward included a multicamera audio/visual system that recorded activities in public areas and allowed for constant observation of aggression. A detailed description of the ward and camera system is available. 40 After completing baseline assessments, patients were randomized to clozapine (CLO), olanzapine (OLZ), or haloperidol (HAL). The study used a block randomization scheme with a block size of 3 and no baseline stratification. The 12-week trial consisted of a 6-week escalation/fixed-dose period and a 6-week variable-dose period. During the first 6 weeks, prestudy antipsychotics were gradually discontinued while doses of CLO, OLZ, and HAL were escalated to their target levels (20, 500, and 20 mg/d, respectively) at which they remained fixed until the end of the first period.
During the last 6 weeks, the dose was allowed to vary within these ranges: clozapine, 200-800 mg/d; olanzapine, 10-35 mg/d; haloperidol, 10-30 mg/d. Psychiatrists, blind to treatment group assignment, could change doses by prescribing various "levels" of medication.
Throughout the study, all patients received (doubleblind) benztropine, benztropine placebo or both. Benztropine (4 mg/d) was administered prophylactically to patients receiving HAL. Patients receiving mood stabilizers or antidepressants prior to study entry continued receiving these at the same dose.
Measures
All study procedures, including blood draws, were identical for all 3 groups to preserve the blind. Screening evaluations included a diagnostic interview (Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition), medical history, physical examination, and laboratory tests. Raters blind to treatment group performed all assessments.
Aggression. The Modified Overt Aggression Scale (MOAS) 41 was used to rate incidents. This scale has good psychometric properties including reliability and validity. 41 It includes physical aggression against other people, verbal aggression, and physical aggression against objects-with a severity score for each type of aggression. The outcome variable, total MOAS score, was obtained by assigning a different weight for each type of aggression, through a psychometrically validated method developed by the MOAS authors, 41 and summing up for each subject the weekly scores over the 12 weeks of the study.
All aggressive incidents were carefully recorded throughout the study period. There were multiple sources of information for the MOAS, including shift-to-shift reports, patient monitoring forms, and interviews with patients and staff. Nursing staff reported all behaviors contemporaneously on monitoring forms where entries were made for each patient at 30-to 60-minute intervals. Research personnel interviewed nursing staff to confirm incidents and obtain additional information. In addition, as described above, 40 recordings from a multicamera system were also reviewed. The intraclass correlation coefficient (ICC) for the MOAS, established prior to the study and intermittently throughout, was above 0.90.
We also reviewed all incidents that occurred in the 4 weeks prior to study entry. This assessment was more limited because it was based only on a retrospective review of charts and incident reports. Furthermore, because the patients were on various hospital wards (prior to transfer to the research ward), it was difficult to quantify reliably the severity of incidents. Baseline aggression was therefore limited to the number of aggressive incidents during the 4-week period.
In addition, we assessed aggressive behavior outside the hospital, by interviewing patients regarding physical aggression in the community, including arrests/convictions for violent crimes. We also obtained official records of arrests, convictions, parole, and probation ("rap sheets") from the Division of Criminal Justice Services.
Assessments of Psychiatric Symptoms. The Positive and Negative Syndrome Scale (PANSS) 42 was used to assess clinical symptoms by 2 independent raters, at baseline, week 6, and week 12 (or endpoint). This scale is widely used for the assessment of symptoms in schizophrenic and schizoaffective patients with good psychometric properties including reliability and validity. The interrater reliability of the PANSS, estimated by ICC, exceeded 0.90 in our study.
In a factor analysis study by the PANSS authors, 43 one of the basic factor or "defining symptom complex" was the depression factor; it has consistently been identified in various factor analysis studies of the PANSS 44, 45 as one of the major factors and shows good internal consistency. The Depression factor was used for the assessment of depression, one of the 2 predictor variables in our study.
Assessment of Impulsivity. The Barratt Impulsiveness Scale, Version 11 (BIS-11) 46 is the most commonly used self-administered questionnaire of trait impulsivity with 30 items scored on a 4-point scale. It assesses long-term patterns of impulsive behaviors.
Side Effects. Weekly white blood cell counts were done throughout the study in all patients. This was necessary for clozapine treatment and was also done for the other patients to maintain blind conditions. An electrocardiogram and physical examination were done prior to study entry and at regular intervals during the study. Adverse effects were measured weekly by the Extrapyramidal Symptom Rating Scale. 47 
Statistical Analysis
The relationship between aggression, depression, and impulsivity, as well as treatment group, was tested by generalized linear model analysis. As increasingly higher MOAS scores occurred with decreasing frequency (inverted "J-curve"), this analysis was based on the Poisson distribution.
The total MOAS score for the study period was the dependent variable. The independent variables included treatment assignment, baseline Depression Factor, and the BIS scores. We also included the interaction between these 2 variables and treatment assignment. Baseline violence (4-week period prior to randomization) was used as a covariate in all the analyses in order to adjust for the different levels of aggression of the patients. Gender, age, and length of participation in the study were also introduced as covariates.
We hypothesized that depression and impulsivity would predict the severity and frequency of aggression and that there would be a differential association between these 2 variables and aggression across the 3 medication groups, ie, there would be a significant interaction between treatment assignment and baseline depression/impulsivity in determining total MOAS score.
As we were interested in the statistical effect size, we investigated how combinations of low and high severity of depression and impulsivity predict violence during the treatment period in each medication group. We defined "low" as minus half an SD (−0.5 SD) from the mean and "high" as plus half an SD (+0.5 SD) from the mean.
We were also interested in the relationship between aggression and positive psychotic symptoms because these symptoms could impact on the effects of depression on aggression. We investigated therefore, in secondary analyses, the interaction between improvement in positive symptoms over the study and depression in determining total MOAS score.
Results
One hundred and one of the patients had full baseline batteries. There were 31, 36, and 34 subjects in the clozapine, olanzapine, and haloperidol groups, respectively. These constituted the study sample for the current investigation.
There were no differences among the 3 groups in the number of aggressive incidents in the 4-week period preceding the qualifying physical assault (F = 2.1; df = 100, P = .14). The mean number of aggressive incidents (±SD) during that period were 2.2 (±1.3), 2.3 (± 1.4), and 2.7± (1.8) for clozapine, olanzapine, and haloperidol, respectively.
At the end point of the first 6 weeks, the escalation and fixed-dose period, the average dose was 464. Table 1 displays the demographic and psychiatric characteristics by treatment group. There were no differences among the 3 groups in demographic or clinical characteristics, including baseline PANSS Depression Factor and BIS-11, the 2 predictor variables.
We compared the 3 groups on presence/absence of arrest and conviction for violent crime as a measure of aggression in the community. As can be seen from table 1, there were no differences with regard to the number of patients who presented with violent crime in the community.
There were no differences among these 3 groups in the proportion of subjects receiving FGAs or SGAs before randomization or in the proportion of patients receiving other psychotropic medications, including mood stabilizers or antidepressants.
During the study, there were no differences among the groups in the use of treated-as-needed medication, or in side effects, including sedation or extrapyramidal symptoms (EPS). Lack of differences in EPS was probably due to the prophylactic use of benztropine in the haloperidol group. Mean length of hospitalization in days upon entry into the study.
Baseline Depression and Impulsivity Predict Aggression Over the Study Period
The baseline Depression Factor score was a significant predictor of aggression over the 12 weeks in the total group of subjects, as assessed by the MOAS total aggression score (F = 5.2, df = 1,100, P = .03). Higher baseline depression was associated with more frequent and more severe aggression during the study. Baseline impulsivity, as measured by the BIS-11 Total score, was also a significant predictor of aggression (F = 28.5, df = 1,100, P < .001); greater baseline impulsivity was associated with greater aggression during the treatment period. Furthermore, there was a significant interaction between depression and impulsivity in predicting the level of aggression (F = 43.3, df = 2,99, P < .001).
Depression, Impulsivity, and Aggression in the 3 Medication Groups
There were significant differences in MOAS total aggression scores among the 3 medications over the 12 weeks (F = 12.4, df = 2,99, P < .001). The mean values (±SD) were 24.8 (±30.5), 33.3 (±32.2), and 38.2 (±50.7) for clozapine, olanzapine, and haloperidol, respectively. Post-hoc paired comparisons showed that clozapine was superior to both haloperidol (P < .01) and olanzapine (P < .01), while olanzapine was superior to haloperidol (P < .01). This is in line with the results of the previous investigation that focused on aggression and psychotic symptoms. 48 There was a significant 3-way interaction between medication grouping, baseline Depression Factor, and impulsivity in determining the MOAS total aggression score (F = 13.4, df = 2, 99, P < .001). Thus, while depression and impulsivity predicted aggression in all subjects, this relationship differed depending on the medication group.
In order to assess the extent of the association between the 2 predictors and violence, we computed the Least Square (LS) Means for the MOAS total score in each medication group for low and high Depression Factor scores, first with low impulsivity and then with high impulsivity scores (table 2 and figure 1) . Pairwise comparisons between medication groups were also performed (See the right-hand side of table 2.)
As can be seen from table 2 and figure 1, when there is low baseline depression, whether or not there is high impulsivity, the total MOAS scores during treatment are low (less than 20) in all 3 medication groups. When there is high depression, and especially if it is accompanied by high impulsivity, there is considerably more aggression in all 3 groups.
Specifically, when there is high depression but low impulsivity, there is a higher level of aggression in all 3 medication groups. When we compare this level of aggression to the level that is present when depression is low, we find that there is more than a 2-fold increase, more than a 3-fold increase, and almost a 5-fold increase in the CLO, OLZ, and HAL groups, respectively. In pairwise comparisons, CLO is superior to both OLZ and HAL, and OLZ is superior to HAL (table 2 and figure 1) .
When high depression is also accompanied by high impulsivity, total MOAS score is nearly the same in the OLZ group as when depression was high and impulsivity low, but it is now higher in the CLO group and much higher in the HAL group. In pairwise comparisons, the level of violence is similar in the CLO and OLZ groups and it is much higher in the HAL group (table 2 and figure 1 ).
The Effect of Positive Psychotic Symptoms on the Relationship Between Depression and Aggression
As we saw in the previous section, when baseline depression was high, the total MOAS score was much higher and the difference among the 3 medications was more pronounced. In order to see if this relationship is modified by positive psychotic symptoms, we included both baseline positive symptoms and change in positive symptoms over the study as covariates in the analyses. The results were essentially unchanged.
In addition, we included improvement in positive psychotic symptoms over the treatment period as an additional independent variable with interaction in order to check whether improvement (ie, a decrease of one point on the PANSS Positive Symptom Factor) would modify the effect of depression on aggression. With this additional interaction, we computed once again the LS Means for Total MOAS score in each medication group for both low and high Depression Factor scores. With improvement in positive symptoms and low baseline depression, the LS Means for Total MOAS scores were 20.9 (SE = 2.9), 10.2 (SE = 1.3), and 13.6 (SE = 1.4) for clozapine, olanzapine, and haloperidol, respectively. These values are very similar to those obtained for low baseline depression when improvement in positive symptoms was not included as an interactive variable (see table 2 ).
With improvement in positive symptoms and high baseline depression, aggression remained high during the study period. The LS Means for the Total MOAS scores were 30.9 (SE = 4.5), 59.9 (SE = 7.3), and 72.3 (SE = 9.1) for clozapine, olanzapine, and haloperidol, respectively. These values are similar to those reported in table 2. Thus, improvement in positive symptoms over the study did not modify the negative effect of high depression on subsequent violence or its differential effect in the 3 medication groups.
Discussion
In our study, higher depression and impulsivity were associated with more severe and frequent violence during the treatment period in all 3 medication groups. These findings corroborate the findings in the literature that violent action is influenced by both affective state and impulsivity. The strong association between depression, impulsivity, and violence may reflect a serotonergic dysfunction in some violent patients with schizophrenia.
When depression was low, the subsequent level of aggression remained low in all 3 groups, even in the presence of high impulsivity. With higher depression, and especially when it was accompanied by higher impulsivity, there was more violence. Even when positive psychotic symptoms improved with treatment, depression was still associated with high levels of violence.
However, the effect of baseline depression and impulsivity on subsequent aggression was not the same in all 3 medication groups. The relative advantage of one medication over another varied depending on the severity of baseline depression and impulsivity; hence, these baseline characteristics serve as predictors of the differential effect of medication on aggression. Furthermore, the differential association between depression and aggression is quite robust and remains unchanged when we take into consideration improvement in positive psychotic symptoms.
High baseline depression, especially when accompanied by high impulsivity, was a very strong predictor of subsequent aggression in the HAL group. These findings are consistent with the above mentioned model that depression and impulsivity indicate a serotonergic disturbance, which is also expressed in violent behavior. Thus, the superior antiaggressive effect of clozapine and, to a lesser extent, olanzapine for this type of aggression may be attributable to their serotonergic action. As mentioned above, their antiaggressive effect has been linked to their serotonergic action and may reflect normalization of serotonergic function. 38, 39 These findings provide us with a more differentiated picture of the advantages of the SGAs over the FGAs in the treatment of violent behavior, which may serve to explain some of the discrepancies in the literature, because some studies have not found the SGAs to be superior in treating aggression. 49 Our study suggests that this superiority may depend on the type of violence or its accompanying symptoms. The SGAs may have an advantage over the FGAs in the treatment of violence that is associated with depression and impulsivity.
Given the high level of violence in the patients treated with haloperidol when high depression and impulsivity were present at baseline, it is possible that this medication not only fails to have an antiaggressive effect but may even enhance violence. Its strong D 2 blockade may contribute this effect. A decrease in dopamine in schizophrenic patients has been associated with a syndrome characterized by anhedonia, dysphoria, psychomotor agitation, and impulsivity. 50 Such an increase in agitation and impulsivity is likely to lead to violence in schizophrenic patients who have a predisposition to violent behavior and also evidence affective instability and poor impulse control. As mentioned above, 18, [26] [27] [28] [29] a decrease in dopamine in subjects with extensive aggression was likely to be associated with increased rather than decreased aggression.
Increased aggression in patients who were receiving haloperidol has been reported in the literature. In a crossover cohort study, 51 where patients were first on placebo, then on haloperidol, and finally on either chlorpromazine or clozapine, patients were significantly more violent during haloperidol treatment than during the other 2 periods. The authors consider that the haloperidol may have induced some form of "behavioral toxicity" that may have led to an increase in aggression. It should be noted, however, that a very high dose of haloperidol, ie, 60 mg/d, was used in that study.
The fact that olanzapine occupies an intermediary position when depression is higher may be due in part to the fact that olanzapine, while showing a higher 5-HT 2 than D 2 occupancy, has higher D 2 occupancy than clozapine. 31 Other factors, however, should be considered in the interpretation of our data. The dose in our study was restricted in range, and this did not allow for the comparison of olanzapine and clozapine with lower doses of haloperidol. It is possible that there would not have been as much aggression in the haloperidol group at lower doses. There is some evidence, at least with regard to psychotic symptoms, that the dose plays a role in the medication efficacy. A meta-regression analysis 52 comparing SGAs with FGAs indicated that there was a greater decrease in psychotic symptoms with lower compared with higher haloperidol doses. The observed advantage in favor of the SGAs disappeared as the dose of haloperidol decreased. If this is also the case for the treatment of violent behavior, then our results might not generalize to other doses of haloperidol. However, a more recent meta-regression analysis 53 challenged the above findings. In that study, there were no consistent differences between lower and higher doses of haloperidol (above or below 12 mg) in its efficacy in the treatment of psychotic symptoms.
Many clinicians select among different antipsychotic drugs to treat aggressive patients with schizophrenia on the basis of clinical lore. Our article attempts to directly address the issue of selection of antipsychotics for the treatment of aggression. By identifying patients who will respond better to a given medication, we will be able to develop individualized strategies for the treatment of violent behavior.
This study was unique in being specifically designed for the investigation of aggression with subjects who were selected on the basis of physical aggression and persistent violence. These subjects are usually not allowed to participate in clinical trials for multiple reasons, including the logistics of managing violent patients on an experimental protocol. As a result, optimal treatment strategies for violence are not systematically investigated for those who need this assessment most. The study was conducted on an inpatient research ward. This allowed for a uniform environment, careful monitoring of incidents, and high treatment compliance. These strengths, however, limit the generalizability of our results for the prediction of community violence, where factors such as poor treatment compliance, substance abuse, and adverse social environments increase the risk of violence. the decision to submit the article for publication. Eli Lilly and Company and Novartis Pharmaceuticals Corporation provided medications for the study. Eli Lilly and Company contributed supplemental funding for encapsulation of the medications. Overall experimental design, data acquisition, statistical analyses, and interpretation of the results were implemented with no input from any of the pharmaceutical companies. Neither Dr Krakowski nor Dr Czobor have any conflict of interest to report.
